The detailed genomic organization of a gene-dense region at human chromosome 12pl3, spanning 223 kb of contiguous sequence, was determined. This region is composed of 20 genes and several other expressed sequences. Experimental tools including RT-PCR and cDNA sequencing, combined with gene prediction programs, were utilized in the analysis of the sequence. Various computer software programs were employed for sequence similarity searches and functional predictions. The high number of genes with diverse functions and complex transcriptional patterns make this region ideal for addressing challenges of gene discovery and genomic characterization amenable to large-scale sequence analysis.
One of the challenges of the human genome project is to keep pace with the analysis of genornic sequence, which is being generated at an increasing rate (Gibbs 1995) . Several computational software tools have been developed to speed up and improve the process, yet the complexity of the genome makes total reliance on these tools impractical. Although exon prediction/gene modeling programs can be useful for localizing genes from sequence, and in many cases can correctly predict individual exons, they cannot be used reliably as the only means for elucidation of gene structure (Burset and Guigo 1996) . Sequences with more than one gene, genes with alternative splicing, and other complex transcriptional units can be particularly problematic (Burset and Guigo 1996) .
Among other initiatives, generation of a large data base of expressed sequence tags (ESTs) has greatly improved the process of gene identification (Hillier et al. 1996) . UniGene has also facilitated grouping of overlapping ESTs and unique transcriptional sequences into clusters that represent the transcriptional products of distinct genes (Boguski and Schuler 1995) . ESTs are of sufficient sequence quality for generating transcription maps of the genorne and for verifying some of the predictions of gene-finding programs. However, ESTs represent a single-pass sequence of 3' and 5' (or partial 5') end of genes and hence are not sufficient for accurate gene structure determination.
Here, we describe the initial steps for the precise determination of gene structures from genomic sequence of a highly gene-packed region on human chromosome 12p13, using experimental tools such as RT-PCR and cDNA sequencing, as well as nonexperimental computational approaches. This region contains several important genes, including sequences involved in signal transduction (CD4, GNB3, PTPN6) , glycolysis (TPI and EN02), and a neurodegenerative disorder (DRPLA). This region serves as an excellent model for addressing the strengths and weaknesses of the current tools for large-scale genomic sequence analysis of regions with high gene density and complex transcriptional units.
RESULTS
In this study 106-kb of new genornic sequence was obtained with ~>99.99% accuracy. This extends the contiguous genornic sequence we generated previously on chromosome 12p13 (Ansari-Lari et al. 1996a ) to -223 kb (Fig. 1) . Additionally, 11 kb of cDNA sequence was determined to help in characterizing several of the genes in this region (Table 1) . The steps used for the analysis of the sequence are depicted in Figure 2 .
LARGE-SCALE GENOMIC SEQUENCE ANALYSIS

First Pass to Screen for Genes
Through the use of PowerBLAST (Zhang 1996) , several hundred EST matches were identified in this region, whereas GRAIL 2 (Xu et al. 1994) predicted several putative exons. This process greatly enhanced preliminary screening for identification of genes and transcribed regions. On the basis of these analyses, the region appeared to be highly gene rich. Although, in most cases the 3' end of EST matches could be distinguished, the number of genes could not be determined accurately because of alternative polyadenylation signals and the presence of EST artifacts. Additionally, prediction of polyadenylation signals and promoter regions by GRAIL 2 were inaccurate. Therefore, except for the few genes corresponding to published complete cDNA sequences, defining the exact number and exon/intron organization of the genes required much more detailed analyses. When the studies detailed below were completed, we determined that EST matches had been identified for all of the genes, and GRAIL 2 predicted some of the putative exons for all of the genes except U7 small nuclear RNA (snRNA), which is the RNA component of a small ribonucleoprotein involved in post-transcriptional 3'-end processing of histone mRNA (Mowry and Steitz 1987) . In addition, no tRNA gene could be identified using the tRNAscan-SE (v.l.0) program (Lowe and Eddy 1997) .
Exon / intron Organization of the Genes
On the basis of information from PowerBLAST and GRAIL 2, three general strategies were subsequently pursued for precise determination or accurate prediction of exon/intron organization of the genes. The first relied on characterization of cDNA clones corresponding to the EST matches that were accessible from the IMAGE consortium (Hillier et al. 1996) . The sequencing of these clones provided more detailed transcriptional information (Table 1). Second, primers for RT-PCR were designed on the basis of exon prediction programs and EST matches to obtain the portion of transcripts not present in the cDNA clones. The RT-PCR products were then sequenced (Table 1) . Compared with cDNA clone sequencing, RT-PCR provided the advantage of detecting alternative splicing patterns, as demonstrated for gene B7 (Fig. 3A) . Third, in the absence of RT-PCR or cDNA sequence information, predictions from GRAIL 2 and FGENEH (Solovyev et al. 1995) exon prediction/gene modeling programs were used, provided they were consistent with the available partial mouse and human EST sequences (Table 1) .
This 223 kb of sequence contains 20 genes and potentially 4 more, making it one of the most generich regions described to date, with an average of 1 every 10 kb. The intergenic distance between some of the genes in this region is as small as 100 bp. The genomic organization of CD4, A, B, GNB3, TPI, and ISOT genes was described previously (Ansari-Lari et al. 1996a) . The intron/exon organizations of EN02, DRPLA, PTPN6, and U7 snRNAs were obtained on the basis of available published cDNA and/or genomic sequences (Table 1) . For B7, hBAP, C2f, C3f, C6f, and Destrin-2 the exon/intron boundaries were determined by sequencing RT-PCR products and cDNA clones (Table 1) . Using available partial mouse and human EST sequences in combination with GRAIL 2 and FGENEH predictions, the exon/intron organizations of C8, C9, and C10 genes were predicted. Finally, six other EST matches were identified (Fig. 1) 
Exon Prediction by Computational Programs
After determining the exact intron/exon organization of the genes by obtaining cDNA and RT-PCR sequences, the performances of GRAIL 2, FGENEH, and GeneID (Guigo et al. 1992) on exon predictions at the nucleotide level were assessed, using sequence fragments each containing a single gene. This test was performed to compare the accuracy of these programs with the information obtained from RT-PCR and cDNA sequencing. With this test sequence set, all three programs missed at least one true exon
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and predicted only splice donor (SD) or splice acceptor (SA), but not both, for one or more exons (Table  2A, B) . In addition, for some of the genes, other exons that were not part of the transcripts were predicted (apparent false positives). In general, more true exons, with fewer false positives were predicted by FGENEH and GRAIL 2 than by GeneID (Table 2A, B) .
Sequence Similarity Searches
Following determination or prediction of the transcripts of the genes from this region, both the nucleotide sequence of the transcripts and their predicted conceptual translations were analyzed with various computer software programs, including BLASTP, BLASTX, BEAUTY, BLASTN, TBLASTX, and PROSITE (Smith et al. 1996) , to identify related sequences by similarity. Some genes, such as U7 sn-RNA are not translated, making nucleotide sequence searches necessary. Additionally, in the presence of insertions, deletions, or mismatches in the nucleotide sequence, an erroneous translation product can be predicted, reducing the power of protein similarity searches. Concordance between nucleotide and protein similarity searches therefore provide the most confident data. The related sequences were aligned to predict conserved domains or functional motifs, using various sequence alignment programs, including ClustalW (Thompson et al. 1994) , PIMA , BLOCK MAKER (Henikoff et al. 1995) , and BestFit from GCG (sequence analysis of software package, v. 8, Genetics Computer Group, Madison, WI). The alignments, combined with motif definition programs such as PROSITE (Bairoch 1993) and transmernbrane prediction programs such as TMBASE (Hofmann and Stoffel 1993) , enhanced the prediction of notable motifs.
These similarity searches provided insight into the possible functional roles of several of these genes. The human B-cell receptor-associated protein (hBAP), for example, was characterized by its similarity to other prohibitins. The hBAP protein shows 99.7% identity to the mouse BAP37 (mBAP37) protein (Terashima et al. 1994) , 52% identity (73% similarity) to the human prohibitin gene (PHB) (Sato et al. 1992) , and 38% identity (58% similarity) to the Cc gene product in Drosophila melanogaster (Eveleth and Marsh 1986) (Fig. 4A) . The program TMBASE, predicts one putative transmembrane domain for hBAP and PHB at the amino termini of both proteins in support of membrane localization. Likewise, the predicted amino acid sequence for the C2f gene shows 72% similarity (55% identity) to a
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Cold Spring Harbor Laboratory Press on November 28, 2017 -Published by genome.cshlp.org Downloaded from Saccharomyces cerevisiae hypothetical protein L9470.5 and 71% similarity (54% identity) to the Schizosaccharomyces pombe hypothetical 34.9-kD protein, as shown in Figure 4B . On the basis of the absence of transmembrane prediction by the TMBASE program, the members of this gene family appear to encode intracellular proteins. Among several PROSITE pattern predictions, only two protein kinase C phosphorylation sites are present in all three members (Fig 4B) . Also, C9 shows 57% similarity to amino acid sequence of a Caenorhabditis elegans protein (NCBI no. g532806). Among several PROSITE pattern predictions, a G-~ repeat and an amidation site are in common between the two proteins. Although the B7 protein does not show amino acid sequence similarity to any known protein, it is highly leucine rich (16%), contains one putative leucine zipper domain, and has a high number of aspartic acid and glutamic acid residues (27 of 51) at its amino terminus. Finally, the C3f protein shows between 50% and 54% similarity and 25% and 29% identity to several proteins in S. cerevisiae and C. elegans. Comparison of these protein sequences is depicted in Figure 4C . Of the several annotated sites predicted by PROSITE, only one Nmyristoylation site is in common among all five proteins. TMBASE program predicts between 8 and 10 transrnembrane domains for these proteins (8 transmembrane domains for C3f).
Other Transcriptional Regions
Two transcriptionally active regions, Destrin-2 and RPL13-2, with high sequence identity to transcripts from two known genes, were identified. By RT-PCR, the partial transcript for Destrin-2 was isolated (absent in RT minus reactions) and sequenced. The Destrin-2 sequence is highly similar to the transcript from the human actin depo!ymerizing factor gene (ADF, also known as Destrin) and cofilin (Moriyama et al. 1990; Hawkins et al. 1993) . A putative nuclear localization-like motif (PEEIKKRTKAV) and a putative F-actin binding motif (DAIKKK) is present in the conceptual translation of Destrin-2. A similar nuclear localization motif (PEEIKKRKKAV) and the identical F-actin binding motif are present in cofilin and ADF (Moriyama et al. 1990 was found to have two introns, with one being the same as the intron in the human RPL 13 gene (Helps et al. 1995) . As more and more EST sequences are generated, ESTs overlapping the same genomic region, yet in opposite transcriptional orientation, can be identified. These ESTs can occasionally complicate the determination of the correct genomic organization of genes. Additionally, partially spliced transcripts and cDNA library artifacts can impede the analysis of the sequence. The following examples illustrate these points.
Multiple transcripts were identified in the genomic region corresponding to C3f, as shown in Figure 3B . C7flikely represents the 3' end of an alteratively spliced form of the C3f gene. The sequence of a cDNA clone (40871), which exactly matches its corresponding genomic sequence, is transcriptionally in the opposite orientation as the C3ftranscript. The 40871 clone does not have any intron or identifiable ORF and contains a poly(A) signal and a poly(A) tail. The 40871 cDNA clone could represent genomic contamination in the cDNA library; however, there are several EST matches to this region from more than one cDNA library. Clone 40871 could represent a transcriptionally active processed pseudogene, yet the features associated with processed pseudogenes is not fully recognizable. There is no poly(A) tract at the 3' end of the genomic sequence. A heptanucleotide repeat (CTCCTTC) is present 11 bases 5' and 4 bases 3' of the 40871 genomic DNA, which might be the remainder of direct repeats associated with pseudogenes. Finally, 40871 could represent the 3'-untranslated region of an upstream gene. RT-PCR reactions failed to show any connection between 40871 and its closest upstream gene, C2f, both of which are in the same transcriptional orientation.
DISCUSSION
In this study 223 kb of contiguous genomic sequence from human chromosome 12p13 was analyzed using several computer software programs, and the sequences of cDNA clones and RT-PCR products. This is one of the most gene-dense regions described to date, containing 20 genes and at least 4 more potential genes based on EST sequence matches. The genes in this region exhibit diverse functions, including interconversion of products in the glycolytic pathway (EN02 and TPI), participation in signal transduction pathways (CD4, GNB3, PTPN6), regulation of cell proliferation (hBAP), and ubiquitin-dependent proteolysis (ISOT). In addition, the expansion of a CAG repeat in the coding region of the DRPLA gene is associated with the dentatorubral and pallidoluysian atrophy neurodegenerative disorder (Koide et al. 1994; Nagafuchi et al. 1994) .
Identification of genes with one or several EST matches dispersed among multiple matches of EST from high-level expressing genes was problematic in this study. PowerBLAST improved the sequence analysis because of its graphic interface, automatic masking of the repeat elements, various search options, and direct links to GenBank entries. However, precise determination of exon/intron organizations, resolving complex transcriptional units, distinguishing "real transcripts" from artifacts of cDNA libraries, and differentiating genes from pseudogenes each required considerable attention from less systematic approaches.
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The accurate determination of the exon/intron organization of the genes described here provides a model for analysis of other sequences. Previous studies frequently have relied on gene modeling and exon prediction programs, as their speed and ease of use make them amenable to large-scale genomic sequence analysis. However, the falsepositive and false-negative exon determinations can provide erroneous transcriptional and translational predictions. Some of the false predictions can be resolved when gene modeling/prediction programs are combined with the available partial EST sequences. Here, cDNA and RT-PCR isolation and sequencing were shown to provide the most accurate and informative route for defining gene organization and justified the effort required to generate the data.
The performance of several gene modeling/ exon prediction programs were examined in this study. Although the performance of FGENEH and GRAIL 2 was superior to GeneID, this might be limited to the sequence set that was used in this study. Others have shown a closer performance among these programs with a different sequence set (Burset and Guigo 1996) . GRAIL 2 can predict exons regardless of alternative splicing patterns or presence of multiple genes in a sequence fragment. The performance of gene modeling programs such as GeneID and FGENEH, however, can be greatly affected if a sequence fragment has multiple genes. The accuracy of exon prediction/gene modeling programs improves when they are combined with protein database searches, as this has been demonstrated for GeneID+ (Burset and Guigo 1996) , GeneParser3 (Snyder and Stormo 1995) , Genie (Kulp et al. 1996) , and FGENEH (Solovyev et al. 1995) .
We now adhere to the stepwise approach to genomic sequence analysis depicted in the top portion of Figure 2 . First the sequence is analyzed with programs that only predict exons, such as GRAIL 2, and HEXON (Solovyev et al. 1994) . GRAIL 2, as a part of the XGRAIL package, has the advantage of showing the exon predictions in a graphic format. This information is then combined with the output from PowerBLAST to define the approximate gene boundaries. Other gene modeling programs, such as FGENEH, and GeneID+ (Burset and Guigo 1996) , can subsequently be employed for analysis of segments of sequence that likely contain a single gene. Finally, the cumulative information from Power-BLAST and the exon prediction/gene modeling program is used to design appropriate primers for RT-PCR and to obtain the cDNA clones corresponding to some of the ESTs for sequencing.
Because of the current shortcomings of gene modeling programs for precise gene structure determination, and because RT-PCR and sequencing the individual cDNA clones are less amenable to automation, large-scale mouse genomic sequencing and systematic large-scale full cDNA sequencing should be combined with the human genomic sequencing effort to improve the ease, speed, and accuracy of gene characterization. Several pilot studies have demonstrated the advantages of concurrent largescale mouse genomic sequencing for the analysis of the human sequences (Koop and Hood 1994; Oeltjen et al. 1997) . In addition to the prediction of exon/intron organization, the human and mouse sequence comparison can effectively reveal transcriptional control elements (Koop and Hood 1994; Oeltjen et al. 1997) . Furthermore, the information gained from mouse genomic sequencing can be used in structural and functional studies amenable to this animal model. Additionally, the pilot studies for large-scale full cDNA sequencing schemes have demonstrated their feasibility, usefulness, and speed (Andersson et al. 1997 ). Availability of tissuespecific cDNA from characterized EST libraries makes it possible to accomplish this task in a reasonable time scale with great impact on the scientific community.
Distinguishing pseudogenes from functional genes, in genomic sequence can sometimes pose special problems. As more and more genomic and EST data are accumulated, the task should become easier. Pseudogenes exhibit sequence similarity to functional genes, but they cannot be translated into functional proteins because of mutations that may prevent transcription, interfere with splicing, terminate translation prematurely, or inactivate conserved functional domains. Some pseudogenes retain similar exon/intron organization as the corresponding functional genes. Other pseudogenes, also called processed pseudogenes, lack introns and are believed to be generated via the reverse transcription of the mRNA of functional genes. Processed pseudogenes usually have a poly(A) tail and are flanked by a variable number of direct repeats. Few transcriptionally active pseudogenes have been reported previously (Goeddel et al. 1981; Sorge et al. 1990 ). The glucocerebrosidase pseudogene appears to be transcriptionally active but translationally nonfunctional (Sorge et al. 1990 ). The human testisspecific phosphoglycerate kinase (PGK-2) has all the characteristics of a processed pseudogene, yet it is transcriptionally and translationally active. Therefore PGK-2 is considered to be an active gene (McCarrey and Thomas 1987) .
Compared with RPL13 and Destrin genes, RPL13-2 and Destrin-2 exhibit some of the structural features of pseudogenes. However, RPL13-2 and Destrin-2 appear to be transcriptionally active and their putative translation products could possess function. Therefore, more experimental evidence is needed to determine whether RPL 13-2 and Destrin-2 are active genes or merely pseudogenes without biological function that have not lost all transcriptional activity.
One of the outcomes of large sequencing efforts is the better understanding of the evolutionary relationship of related genes. One model example from this region is the identification of hBAP as a member of the prohibitin gene family. Several functions have been proposed for PHB and its mouse homolog BAP32, including inhibition of cell proliferation, tumor suppression, regulation of cell cycle, and programmed cell death (Sato et al. 1992; Terashima et al. 1994) . PHB, which is located on chromosome 17q21, is composed of seven exons (Sato et al. 1992) . However, hBAP is composed of nine exons, and it does not show exon/intron organization similar to PHB. hBAP and PHB might therefore have evolved from two different ancestral genes. However, the data also support the introns-late theory of gene evolution (Cavalier-Smith 1991) . According to this theory, introns did not exist in the precursor genes and they inserted randomly during eukaryotic evolution. Recent analysis of exon/intron organization of triose-phosphate isomerase gene among diverse eukaryotes support the introns-late theory (Kwiatowski et al. 1995; Logsdon et al. 1995) . Another model example in this region is represented by EN02. Enolases are dimeric enzymes of the glycolytic pathway. There are three distinct subunits, ~, ~, and ~ encoded by three separate loci, EN01, EN03, and EN02, respectively. EN01 and EN03 are mapped to the short arm of 1pter-p36.13 and to the short arm of chromosome 17, respectively (Oliva et al. 1991) . All three enolases show similar exon/ intron organization, suggesting their generation by duplication from a single ancestral gene (Oliva et al. 1991) .
Determination of the genomic organization of this region is the first step toward understanding the transcriptional regulation of this highly gene-dense sequence. Cross-species sequence comparison should reveal the conserved transcriptional regulatory elements and help to resolve overlapping bidirectional transcriptional segments. Additionally, the availability of detailed genomic organization in combination with known polymorphic markers provides the opportunity for haplotype analysis with relevance to population genetic studies and association of disease phenotypes to the loci.
METHODS
Isolation and Sequencing of the PAC
An arrayed human genomic Pl-derived artificial chromosome (PAC) library was purchased from Research Genetics, Inc. (Huntsville, AL). A PCR fragment corresponding to the 3' end of cosmid J0 (Ansari-Lari et al. 1996a) was generated using the oligonucleotides R1460 (5'-GAGCCTCAGTATCCTCTTC-3') and R1461 (5'-GAACTGGGTTGGAGTCTTG-3'). Hybridization was performed according to standard protocols (Sambrook et al. 1989) . Two positive clones were obtained showing similar restriction maps and a minimally overlapping PAC was isolated by PCR screening (overlapping J0 by 6.8 kb; L0 PAC with the filter coordinates 1.1.19.Pll).
The generation of a shotgun M13 sequencing library was performed as described (Andersson et al. 1996a ). M13 template preparations and DNA sequencing were performed as described (Civitello et al. 1993; Muzny et al. 1994; Andersson et al. 1996b) . Sequence assembly was performed by XGAP software (Bonfield et al. 1995) .
Sequencing of cDNA Clones and RT-PCR Products
Total RNA and mRNA were isolated from the HT-1080 cell line and white blood cells using standard protocols (Sambrook et al. 1989 ). First-strand cDNA synthesis was performed as described (Ansari-Lari et al. 1996b) , and PCR was performed according to standard protocols (Chelly and Kahn 1994) . RT-PCR products were sequenced using dye terminator sequencing kits (Perkin Elmer). When possible, the cDNA clones and large RT-PCR fragments were concatenated and sequenced as described (Andersson et al. 1997) . The sequence editing and assembly were performed using Sequencher for Macintosh, version 3.0 (Gibbs and Cockerill 1995) . The following primers were used for RT-PCR reactions: gene B7, R2404 (5'-GAAAGTGGCGTGGTAACCAG-3') and R2327 (5'-AGAGATGCCTTCAGTGTCAG-3'); gene C3f, R2376 (5'-GAATCAGAGGGGAGATGTG-3'), R2343 (5'-CTCAC-TACCTTTTGCTTCCAG-3'), R2407 (5'-TCTACAAGG-AGACCTACCTC-3'), and R2344 (5'-GAGGAATTCCATCTG-GAAGC-3'); RPL13-2, R2590 (5'-GCGTCCTCTTCTA-CAGCTTC-3'), and R2879 (5'-GCATGATCCTGAAGCCCAAC-3'); Destrin-2, R2570 (5'-ACGCTGCCCAGACTCACTAC-3'), R2571 (5'-CTTCTGGTCCGTTTGTTTGC-3'), R2626 (5'-AACATGAATGGCAAACAAAC-3'), and R2880 (5'-GGAT-AACATTAAACGTGGAAGC-3').
Computer Analysis Programs
Initially, the repeat elements in the genomic sequence were masked by CENSOR (Jurka et al. 1995) , and 1 to 2-kb segments of sequence were analyzed by BLAST (Altschul et al. 1990 ) against nonredundant GenBank, GenBank EST division, EMBL, DDBJ, and PDB sequences via mailFASTA, a relatively time consuming process. The availability of PowerBLAST (Zhang 1996) speeded the process, as PowerBLAST can automatically mask the repeat elements and graphically depict GENOME RESEARCH ,~ 277
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GRAIL 2 (Xu et al. 1994) , FGENEH (Solovyev et al. 1995) , and GeneID (Guigo et al. 1992 ) gene prediction programs were employed for gene modeling. For the overall view of the sequence, GRAIL 2 was accessed as a part of XGRAIL package that, in a graphic format, depicts exons and allows prediction of some of the standard promoters, polyadenylation signals, and CpG islands.
An array of programs that have been assembled into a World Wide Web page by the Baylor College of Medicine (BCM) informatics group (Smith et al. 1996 ; http://gc.bcm. tmc.edu:8088/search-launcher.html) for DNA and protein sequence analyses were utilized. For detection of tRNA genes in the genomic sequence, tRNAscan-SE (v. 1.0) was employed (Lowe and Eddy 1997 ; http://genome.wustl.edu/eddy/ tRNAscan-SE/). For sequence alignment, ClustalW (Thompson et al. 1994) , PIMA , BLOCK MAKER (Henikoff et al. 1995) , and BestFit from GCG were used. Among all of the protein sequence analysis programs listed in the BCM web page (Smith et al. 1996) , BLASTP + BEAUTY (Altschul et al. 1990; Worley et al. 1995) , TBLASTN/nr dna, BEAUTY/CRSeqAnnot, FASTA/SwissPort (Pearson 1990) , and PPSEARCH/PROSITE Pattern DB (Bairoch 1993) were found to be the most informative. The default search parameters were used for all of the programs.
Exon Predictions by Computational Programs
The performances of GRAIL 2, FGENEH, and GeneID programs were assessed on the basis of their ability to predict exons at the nucleotide level. Sequence was fragmented such that each fragment contained only one gene. If the coding domains were in the complementary strand, the reverse complement of the sequence was analyzed. GRAIL 2 (GRAIL@ornl.gov), FGENEH (mail-s fgeneh services@ bchs.uh.edu), and GenelD (geneid@darwin.bu.edu) were accessed through the e-mail server. For GenelD, sequences were sent with the options "-small output" and "-noexonblast" to switch off exon BLAST. For each exon, if both SD and SA sites were predicted correctly, the prediction of the exon was considered complete. If only SD or SA was predicted correctly, the prediction was labeled "p" (for partial prediction). If neither SD nor SA was predicted correctly, regardless of whether any portion of the coding domain was predicted, the exon was considered as not being predicted. For the first exon, if the SD was predicted correctly, the prediction was considered complete. For the last exon, if the SA was predicted correctly, the prediction was considered complete. For GeneID, exons in the top-ranking complete gene model were considered. For GRAIL 2, only exons labeled "good" or "excellent" were considered. For FGENEH, exons in the predicted gene model were considered. The sequence position of the fragments that were analyzed (see GenBank accession no. U72506) are as follow: CD4 (1-33000), A (33001-40000), B (40001-52000), GNB3 (52001-60000), ISOT (64001-79000), TPI (79001-83150), B7 (116001-126400), EN02 (126401-135750), DRPLA (140301-154401), PTPN6 (158501-174001), hBAP (reversecomplement of 174001-182800), C2f (182801-188200), and C3f (reverse-complement of . For gene A, GNB3, ISOT, and PTPN6, A-2, GNB3-1, ISOT-1, and PTPN6, nonhematopoietic splicing forms were considered, respectively. C8, C9, CIO, RPL13-2, and Destrin-2 were excluded from the analysis.
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